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1
THERMOELECTRIC MODULE WITH A
HEAT CONDUCTING LAYER AND METHOD
OF MANUFACTURING A
THERMOELECTRIC MODULE

CROSS-REFERENCE TO RELATED
APPLICATION

This is a continuation application, under 35 U.S.C. §120, of
copending International Application No. PCT/EP2012/
051083, filed Jan. 25, 2012, which designated the United
States; this application also claims the priority, under 35
U.S.C. §119, of German Patent Application DE 10 2011 009
428.8, filed Jan. 26, 2011; the prior applications are herewith
incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a thermoelectric module
with a heat conducting layer and a method for the manufac-
ture thereof.

The exhaust gas from an internal combustion engine of a
motor vehicle contains thermal energy, which can be con-
verted into electrical energy by using a thermoelectric gen-
erator, in order e.g. to charge a battery or another energy
storage device and/or to directly deliver the required energy to
electrical consumers. The motor vehicle is thereby operated
with improved energy efficiency and energy is available for
the operation of the motor vehicle to a greater extent.

Such a thermoelectric generator includes at least one ther-
moelectric module. Thermoelectric modules include e.g. at
least two semiconductor elements (p-doped and n-doped),
which are alternately provided with electrically conducting
bridge elements on their upper side and underside (facing the
hot side or the cold side). Those two semiconductor elements
form the smallest thermoelectric unit or a thermoelectric ele-
ment. Thermoelectric materials are of such a type that they
can effectively convert thermal energy into electrical energy
(Seebeck effect) and vice-versa (Peltier effect). If a tempera-
ture gradient is set up on the two sides of the semiconductor
elements, then a voltage potential forms between the ends of
the semiconductor elements. The charge carriers on the hotter
side are increasingly stimulated in the conductance band by
the higher temperature. As a result of the difference in con-
centration in the conductance band produced thereby, charge
carriers diffuse to the colder side of the semiconductor ele-
ment, resulting in the potential difference. In a thermoelectric
module there are preferably numerous semiconductor ele-
ments connected electrically in series. In order to ensure that
the produced potential differences of the serial semiconduc-
tor elements do not cancel each other out, alternate semicon-
ductor elements with different majority charge carriers
(n-doped and p-doped) are always brought into direct electri-
cal contact. The circuit can be closed by using a connected
electrical load and thus electrical power can be drawn off.

In order to ensure permanent operational capability of the
semiconductor elements, a diffusion barrier, which is regu-
larly disposed between electrically conducting bridge ele-
ments and the thermoelectric material, prevents diffusion of
material contained in the electrical bridges or the connecting
material (e.g. brazing material or solder) into the thermoelec-
tric material and thus prevents a loss of effectiveness or a
functional failure of the semiconductor material or of the
thermoelectric element. The construction of thermoelectric
modules or of the semiconductor elements normally takes
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place by the assembly of the individual components, that is
the thermoelectric material, the diffusion barrier, the electri-
cally conducting bridge elements, insulation and possibly
other housing elements, to form a thermoelectric module,
over which a hot or cold medium flows. The assembly of
numerous individual components also requires accurate
matching of the individual component tolerances and taking
into account of heat transfers from the hot side to the cold side
and adequate contacting of the electrically conducting
bridges, so that a current flow through the thermoelectric
material can be produced.

In order to configure such semiconductor elements in a
thermoelectric module, housing walls (plate-shaped thermo-
electric module) and/or supporting tubes for externally
bounding a tubular thermoelectric module are regularly pro-
vided, to which the semiconductor elements are attached or
between which they are disposed. That leads, in particular, to
high tolerance requirements being specified during manufac-
ture, in order to achieve an accurate configuration of the
semiconductor elements on one hand in relation to the elec-
trical connections and on the other hand in relation to the
position of the housing. It is problematic, moreover, that as a
result of the different thermal loads on the housing walls or
supporting tubes, different expansion behaviors of the com-
ponents also have to be compensated, without particularly
high stresses being introduced into the thermoelectric mate-
rial and the connections between the individual components.

SUMMARY OF THE INVENTION

It is accordingly an object of the invention to provide a
thermoelectric module with a heat conducting layer and a
method of manufacturing a thermoelectric module, which
overcome the hereinafore-mentioned disadvantages and at
least partly solve the highlighted problems of the heretofore-
known modules and methods of this general type. In particu-
lar, a thermoelectric module is to be specified that can com-
pensate different thermal expansions or that is not destroyed
by them or is not restricted in its operation by them. In
particular, furthermore, a method for the manufacture of a
thermoelectric module is to be specified, with which on one
hand the different thermal expansions occurring during
operation of the thermoelectric module are taken into account
and which on the other hand is particularly economically
implemented in that larger component tolerances can be com-
pensated.

With the foregoing and other objects in view there is pro-
vided, in accordance with the invention, a thermoelectric
module, comprising at least one cold side, at least one hot side
and thermoelectric elements disposed therebetween. At least
one heat conducting layer is disposed between the thermo-
electric elements and the cold side and/or between the ther-
moelectric elements and the hot side and the heat conducting
layer is implemented so as to be compressible.

In particular, the thermoelectric module has a tubular con-
struction, in which annular or annular segment-shaped semi-
conductor elements are disposed between an inner tube and
an outer tube one after the other in the axial direction. Pref-
erably, exhaust gas flows through the inner tube and a flow of
coolant passes over the outer tube, so that the hot side of the
thermoelectric module is disposed on the inside and the cold
side of the thermoelectric module is disposed on the outside.
Alternatively, the tubular thermoelectric module can also be
implemented in the inverse manner, so that the exhaust gas
flows over the outer tube. In particular, the thermoelectric
module can also be implemented in a plate-shaped form, so
that thermoelectric elements are disposed in planes adjacent
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each other. In this case one side is implemented as a cold side
and an oppositely disposed side is implemented as a hot side,
respectively. The following comments can be suitably applied
to a plate-shaped thermoelectric module, although the present
invention is especially advantageous for tubular thermoelec-
tric modules.

In particular, the thermoelectric module is constructed in
the direction towards the hot side as follows, starting from a
cold side over which a cooling medium flows: cold side,
electrical insulation, electrically conducting bridge elements,
possibly a diffusion barrier, thermoelectric material, possibly
a diffusion barrier, electrically conducting bridge elements,
electrical insulation, hot side.

It is now provided that a heat conducting layer is disposed
atleast especially between an outer wall forming the cold side
or the hot side and the electrically conducting bridge ele-
ments, which enables good thermal transfer between thermo-
electric elements and the cold side or the hot side and on the
other hand especially effects electrical insulation between the
cold side and electrically conducting bridge elements or
between the hot side and electrically conducting bridge ele-
ments.

The heat conducting layer can especially either be used
together with the electrical insulation or can replace the layer
of electrical insulation. The heat conducting layer is imple-
mented in compressible form, which means that it can be
compressed or can be reduced in volume by the application of
an external pressure (especially at least partly elastically).
This compressibility enables stresses within the thermoelec-
tric module caused by thermal load to be absorbed by the heat
conducting layer. This is possible because differently expand-
ing components especially extend into the heat conducting
layer, or bound on the same, and their expansion can be
compensated by the compressible heat conducting layer. In
particular, the heat conducting layer is implemented so that
the reduction of the volume of the heat conducting layer is
fully reversible. This makes it possible for the heat conduct-
ing layer to permanently and completely fill the region
between the hot side and the thermoelectric elements or
between the cold side and the thermoelectric elements, even
with fluctuating thermal stresses.

The heat conducting layer has, in particular, a thermal
conductivity (at room temperature, i.e. 20° C.) of at least 0.9
W/Km [ Watt/(Kelvin*Meter)], especially of at least 9 W/Km
and preferably of at least 50 W/Km. Preferably, the heat
conducting layer has a specific electrical resistance of at least
1x10° Qm [Ohm*Meter], especially of at least 1x10® Qm and
preferably of at least 1x10° Qm.

Furthermore, in particular different component tolerances
are compensated by the heat conducting layer, and this can
already be taken into account during the structural layout of
the thermoelectric module. Lower tolerance demands are thus
placed on the components of the thermoelectric module that
are installed together, so that the thermoelectric module is
overall less costly to manufacture.

In accordance with another advantageous feature of the
thermoelectric module of the invention, the at least one heat
conducting layer is implemented in planar form and has a
thickness. The heat conducting layer is compressible by at
least 5 Vol.-% in a temperature range of 80 through 550° C.,
especially in a temperature range of 80 through 350° C., by a
surface pressure of up to 60 N/em? and thus can be reduced in
its thickness. In particular, the heat conducting layer can be
compressed by at least 10% in the above-mentioned tempera-
ture range for a surface pressure of up to 60 N/cm?, wherein
preferably a maximum of 25% can be achieved. In particular,
the thickness of the (uncompressed) heat conducting layer
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lies in a range of 50 to 2000 pm [micrometers], preferably in
a range of 50 to 150 um, so that a thin and at the same time
compressible heat conducting layer can be provided.

In accordance with a further advantageous feature of the
thermoelectric module of the invention, the at least one heat
conducting layer is a film or foil. The film or foil is especially
flexible and pliable and can accordingly be disposed between
the hot side and thermoelectric elements or between the cold
side and thermoelectric elements.

In accordance with an added advantageous feature of the
thermoelectric module of the invention, the at least one heat
conducting layer can be attached by an adhesive at least to an
outer wall of the thermoelectric module or/and through to the
thermoelectric elements. The adhesive is especially suitable
for sealing the thermoelectric module on the cold side and/or
on the hot side against an exhaust gas or a cooling medium.
Thus, the intermediate space of the thermoelectric module, in
which inter alia the thermoelectric elements are disposed, can
be implemented so as to be sealed gas-tightly or fluid-tightly
against an exhaust gas and/or a cooling medium. In particular,
the adhesive likewise has a very good thermal conductivity (at
room temperature, i.e. 20° C.) of at least 0.9 W/Km [Watt/
(Kelvin*Meter)], especially of at least 9 W/Km and prefer-
ably of at least 50 W/Km. Preferably, the adhesive has a
specific electrical resistance of at least 1x10° Qm
[Ohm*Meter], especially of at least 1x10® Qm and preferably
of at least 1x10° Qm.

In accordance with an additional advantageous feature of
the thermoelectric module of the invention, the at least one
heat conducting layer includes a heat conducting paste. The
heat conducting paste is pasty and has, especially at room
temperature, a viscosity of at least 1 N/m? [Newtons per
square meter], preferably between 5 N/m? and 50 N/m?. The
use of a heat conducting paste especially requires an addi-
tional electrical insulation layer. Whereas the heat conducting
layer, ifimplemented as a film or foil, is to be used in a specific
size or in a specific thickness, the heat conducting layer, if
used as a heat conducting paste, is only defined by a specific
quantity (volume at room temperature and atmospheric pres-
sure, i.e. approx. 20° C. and 1 bar). In particular, the heat
conducting paste contains the following materials: graphite,
silicone. In particular, the heat conducting paste is made in
silicone-free form. The heat conducting paste can especially
contain metallic constituents, e.g. aluminum. The metallic
constituents are especially present in powdered form in the
heat conducting paste and effect a high thermal conductivity
and high thermal durability of the heat conducting paste.

In accordance with yet another advantageous feature of the
thermoelectric module of the invention, the at least one heat
conducting layer includes a silicone elastomet/silicone rub-
ber. This can especially be implemented as a film or foil or as
a heat conducting paste.

Preferably, the heat conducting paste is used with plate-
shaped thermoelectric modules. The heat conducting film or
foil can additionally be used with tubular thermoelectric
modules.

In accordance with yet a further advantageous feature of
the thermoelectric module of the invention, the at least one
heat conducting layer is reinforced with fibers. The fibers are
thereby especially interlinked so that the heat conducting
layer has greater strength or stiffness or tear strength. The
compressibility or deformability of the heat conducting layer
can also be adapted through the use of fibers. Glass fibers are
especially used as the fibers. They are, in particular, embed-
ded in a silicone rubber.
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With the objects of the invention in view, there is also
provided a method of manufacturing a thermoelectric mod-
ule, comprising at least the following steps:

a) providing an inner tube,

b) placing thermoelectric elements on the inner tube,

¢) placing electrically conducting bridge elements for elec-
trically conducting connection of the thermoelectric elements
to each other, so that a first tubular assembly with an outer
circumferential surface is produced,

d) placing a compressible heat conducting layer on the outer
circumferential surface,

e) providing an outer tube, and

1) calibrating the outer tube so that the heat conducting layer
is compressed.

In particular, a reduction of the diameter of the outer tube
takes place through the calibration of the outer tube, so that
(only) the heat conducting layer disposed within the outer
tube between the thermoelectric elements and the outer tube
is compressed. In particular, a pressure between 10 and 100
N/cm? is applied, wherein especially the outer tube and pos-
sibly also the thermoelectric module are additionally heated
up to a temperature of no higher than 400° C.

In particular, the outer tube is reduced in its diameter by the
calibration in such a way that the heat conducting layer dis-
posed therein is compressed by at least 5 Vol.-% and is thus
reduced in its thickness, especially by 5%. In particular, a
reduction of the thickness or a compression of the volume of
atleast 10% and preferably at most 25% is achieved. Through
the compression of the heat conducting layer it is possible that
especially the thermoelectric elements but also other compo-
nents can be implemented with larger tolerances, especially
in the radial direction of the thermoelectric module, because
stress peaks on the individual components, which are other-
wise caused by the calibration, are prevented by the configu-
ration of the heat conducting layer.

The heat conducting layer is especially compressed with
different strengths at different points, so that the values
described above in relation to the thickness and the compress-
ible volume can only be viewed as average values over the
entire extent of the heat conducting layer. In particular, it is
possible that individual point regions are compressed to a
greater or lesser extent, so that the material of the heat con-
ducting layer is displaced differently at different positions.
However, there is preferably a uniform density of the material
of the heat conducting layer over the entire extent of the heat
conducting layer, so that in particular approximately constant
properties exist over the entire extent of the heat conducting
layer (in relation to thermal conduction and electrical insula-
tion of the heat conducting layer or similar).

In particular, the following intermediate steps occur
between step a) and step b):

i. applying an insulating layer to the inner tube,

ii. providing electrically conducting bridge elements for elec-
trically conducting connection of the thermoelectric elements
to each other.

In accordance with another advantageous mode of the
method of the invention, additionally a heat conducting layer
is disposed between the inner tube and the thermoelectric
elements. In particular, it is proposed herein that the calibra-
tion also takes place by using the outer tube, wherein the inner
tube is stabilized, e.g. by using a mandrel, so that a reduction
of the diameter of the inner tube does not take place in this
case, but only a compression of the installation space between
the inner tube and the outer tube takes place. Alternatively, a
calibration (e.g. using a liquid pressure medium) can take
place by itself or additionally on the inner tube.
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In accordance with a concomitant advantageous mode of
the method of the invention, only the outer tube is plastically
deformed by the calibration, so that there is especially no
variation of the diameter of the inner tube during calibration
of the outer tube.

In general it should be noted that the thermoelectric ele-
ments are not damaged during the calibration. However, espe-
cially with annular segment-shaped semiconductor elements,
apositional displacement of the semiconductor elements as a
result of the calibration can be tolerated. Likewise, it is pref-
erably possible for at least the semiconductor elements to be
sintered as a result of the calibration pressure, so that a heat
conducting layer disposed between the inner tube and the
semiconductor elements can thus also be at least partly com-
pressed. Furthermore, e.g. preferred break points can be pro-
vided in the semiconductor elements, so that on one hand they
are preferably installed as annular elements, but on the other
hand, they can contribute to a positional displacement result-
ing from the calibration without other unwanted stress cracks
occurring.

With a plate-shaped thermoelectric module, the problems
in relation to placing another heat conducting layer on the
inner tube do not arise because in this case the structural
layout and also the method can be implemented “symmetri-
cally.” The above comments can, however, be applied accord-
ingly to plate-shaped thermoelectric modules.

In particular, through the use of the proposed thermoelec-
tric module or through the use of the method, the use of a
brazing material or solder material for joining the hot side or
the cold side to the thermoelectric elements is avoided. In
particular, a brazing material-free or solder-free configura-
tion or a brazing material-free or solder-free method for the
manufacture of a thermoelectric module is also proposed, so
that assembly of the configuration in an outer tube is possible,
without a bonded connection being indirectly or directly pro-
duced between the thermoelectric elements and the outer tube
and/or the inner tube. The term “indirectly” refers e.g. to the
configuration of a brazing material or solder joint between an
electrical insulation layer and the outer tube or the inner tube
or between the electrically conducting bridge elements and
the electrical insulation layer, so that thermoelectric elements
and the cold side or the hot side are thus not directly con-
nected to each other by the brazing material or solder joint.
The term “bonded” refers to a connection of components to
each other that are held together by atomic or molecular
forces. These are especially non-reversible joints, which can
only be separated by destroying the connecting device.

In particular, the thermoelectric module can be used in a
thermoelectric generator, which is preferably used in the
exhaust gas system of an internal combustion engine in a
motor vehicle.

Through the use of the present invention it is possible to
provide or manufacture a thermoelectric module, with which
only supportable and feasible requirements have to be placed
on the tolerances of the individual components that are com-
bined with each other. The component tolerances are already
compensated during the manufacture of the thermoelectric
module by the compressible heat conducting layer. In addi-
tion, the different expansion of individual components as a
result of thermal loading during operation is also compen-
sated by the heat conducting layer. Furthermore, the sensitiv-
ity to (different) thermal expansions can be reduced by not
using a bonded connection (brazing material or solder joint)
between thermoelectric elements and the hot side or the cold
side that is also stiff (not flexible) at least in a radial direction.
The use of a compressible heat conducting layer thus enables,
for the first time, the use of a thermoelectric module that is
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resistant to alternating thermal loads in the long term without
complex structural measures for compensating thermal
stresses having to be provided.

It is expressly noted that features that have been described
in connection with the thermoelectric module or with the
motor vehicle can also be used with the method or with
plate-shaped thermoelectric modules and vice-versa.

Other features which are considered as characteristic for
the invention are set forth in the appended claims, noting that
the features individually listed in the claims can be combined
with each other in any technologically purposeful manner and
demonstrate other embodiments of the invention.

Although the invention is illustrated and described herein
as embodied in a thermoelectric module with a heat conduct-
ing layer and a method of manufacturing a thermoelectric
module, it is nevertheless not intended to be limited to the
details shown, since various modifications and structural
changes may be made therein without departing from the
spirit of the invention and within the scope and range of
equivalents of the claims.

The construction and method of operation of the invention,
however, together with additional objects and advantages
thereof will be best understood from the following descrip-
tion of specific embodiments when read in connection with
the accompanying drawings. The description, especially in
combination with the figures, explains the invention further
and cites additional examplary embodiments ofthe invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 is a diagrammatic, longitudinal-sectional view of a
thermoelectric module with a heat conducting layer;

FIG. 2 is a plan view showing a step a) of a production
method;

FIG. 3 is a partly-sectional view showing a step b) of a
production method;

FIG. 4 is a partly-sectional view showing a step c¢) of a
production method;

FIG. 5 is a partly-sectional view showing a step d) of a
production method;

FIG. 6 is a partly-sectional view showing a step e) of a
production method;

FIG. 7 is a partly-sectional view showing a step ) of a
production method; and

FIG. 8 is a block diagram of a motor vehicle with an
exhaust gas treatment device.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the figures of the drawings in detail and
first, particularly, to FIG. 1 thereof, there is seen a plate-
shaped thermoelectric module 1, in which thermoelectric ele-
ments 4 are disposed between a cold side 2 and a hot side 3 so
as to be mutually adjacent in a plane. The thermoelectric
elements 4, which are each formed by at least one n-doped
and at least one p-doped semiconductor element, are alter-
nately connected to each other by electrically conducting
bridge elements 13. A compressible heat conducting layer 5,
shown herein as a film or foil 7, is provided between the
electrically conducting bridge elements 13 and the cold side
2. Furthermore, an adhesive 8 is disposed between the heat
conducting layer 5 and the cold side 2, so that the heat con-
ducting layer 5 and the cold side 2 are adhesively joined to
each other. The heat conducting layer 5 is thus bonded at least
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8

to an outer wall 9 of the thermoelectric module 1 by using an
adhesive 8. A section of the heat conducting layer 5 shows that
it includes fibers 11.

FIG. 2 shows a step a) of a method for the manufacture of
a thermoelectric module 1, in which an inner tube 12 is
provided that extends along a central axis 17 in an axial
direction 19.

In the following figures only individual components of a
thermoelectric module 1 are shown, wherein e.g. the configu-
ration of electrically conducting bridge elements 13 on the
inner side of the thermoelectric elements 4 is also self-evident
to aperson skilled in the art and has accordingly been omitted.

FIG. 3 shows a step b) of the method for the manufacture of
a thermoelectric module, in which annular thermoelectric
elements 4 are disposed one after the other in an axial direc-
tion 19 on the inner tube 12. The thermoelectric elements 4
are each formed by an n-doped and a p-doped semiconductor
element, which are disposed adjacent each other (and difter-
ently shaded).

FIG. 4 shows a step c¢) of the manufacturing method of a
thermoelectric module, in which the alternately disposed
n-doped and p-doped semiconductor elements are connected
to each other in an electrically conducting manner to form
thermoelectric elements 4, so that a current path can be pro-
duced through the thermoelectric module. An outer circum-
ferential surface 15 is formed by the electrically conducting
bridge elements 13. An assembly 14 is formed by step ¢) of
the method.

FIG. 5 shows a step d) of the method for the manufacture of
a thermoelectric module, in which a compressible heat con-
ducting layer 5 is disposed on the outer circumferential sur-
face 15 of the assembly 14 formed at least by the electrically
conducting bridge elements 13. The heat conducting layer 5 is
applied in this case as a heat conducting paste 10.

FIG. 6 shows a step e) of the method for the manufacture of
athermoelectric module, in which an outer tube 16 is pushed
onto the heat conducting layer 5 so that the heat conducting
layer 5 is disposed between the outer tube 16 and the thermo-
electric elements 4. The heat conducting layer 5 has a thick-
ness 6 which is (still) not compressed.

FIG. 7 shows a step f) of the method for the manufacture of
a thermoelectric module, in which the outer tube 16 is cali-
brated by using a pressure 18 so that the heat conducting layer
5 is compressed and the thickness 6 is correspondingly
reduced. A thermally conducting bonding of the cold side 2
and the hot side 3 thus takes place, at least in a radial direction
24, by providing a connection without gaps of the inner tube
12, the thermoelectric elements 4, the heat conducting layer 5
and the outer tube 16. The radial gap shown therein between
the thermoelectric elements 4 and the inner tube 12 is filled by
the thermoelectric module, e.g. by electrical insulation and
electrically conducting bridge elements. The gap in the axial
direction 19 between the thermoelectric elements 4 which is
likewise shown is especially filled by an electrical and ther-
mal insulator. An additional heat conducting layer may be
placed at a location 5' between the inner tube 12 and the
thermoelectric elements 4.

FIG. 8 shows a motor vehicle 20 with an internal combus-
tion engine 21 and an exhaust gas treatment device 22. The
exhaust gas treatment device 22 carries a throughflow of an
exhaust gas, which is also fed to a plurality of thermoelectric
modules 1. In order to form a temperature potential over the
thermoelectric modules 1, they are subjected at the same time
to a cooling medium of a cooling apparatus 23, in which case
the cooling apparatus 23 is also provided for cooling the
internal combustion engine 21.
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The invention claimed is:

1. A tubular thermoelectric module, comprising:

an inner tube and a calibrated outer tube, one of said inner

and calibrated outer tubes forming a cold side of the
tubular thermoelectric module, and the other of said
inner and calibrated outer tubes forming a hot side of the
tubular thermoelectric module;

annular or annular segment-shaped thermoelectric ele-

ments disposed on said inner tube between said inner
tube and said calibrated outer tube;
electrically conducting bridge elements electrically con-
ductively interconnecting said annular or annular seg-
ment-shaped thermoelectric elements and forming a first
tubular assembly with an outer circumferential surface;

at least one compressible heat conducting layer disposed
onsaid outer circumferential surface between said annu-
lar or annular segment-shaped thermoelectric elements
and at least one of said inner tube or said calibrated outer
tube, said at least one compressible heat conducting
layer having a thickness;

said at least one compressible heat conducting layer being

compressed by said calibrated outer tube by at least 5
Vol.-% in a temperature range of 80 to 550° C. at a
surface pressure of up to 60 Newton/cm? and thus being
reduced in its thickness; and

said calibrated outer tube being disposed outside said at

least one compressible heat conducting layer.

2. The thermoeclectric module according to claim 1,
wherein said at least one compressible heat conducting layer
is a film or foil.

3. The thermoelectric module according to claim 1, which
further comprises an outer wall of the tubular thermoelectric
module, and an adhesive attaching said at least one compress-
ible heat conducting layer at least to said outer wall or in
addition to said thermoelectric elements.

4. The thermoelectric module according to claim 1,
wherein said at least one compressible heat conducting layer
contains a heat conducting paste.

5. The thermoelectric module according to claim 1,
wherein said at least one compressible heat conducting layer
contains a silicone elastomer.
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6. The thermoelectric module according to claim 1,
wherein said at least one compressible heat conducting layer
is reinforced with fibers.

7. A method for manufacturing a tubular thermoelectric
module, the method comprising the following steps:

a) providing an inner tube forming a cold side or a hot side

of the tubular thermoelectric module;

b) placing annular or annular segment-shaped thermoelec-
tric elements on the inner tube;

¢) electrically conductively interconnecting the annular or
annular segment-shaped thermoelectric elements using
electrically conducting bridge elements, to produce a
first tubular assembly with an outer circumferential sur-
face;

d) placing a compressible heat conducting layer on the
outer circumferential surface, the heat conducting layer
having a thickness;

e) providing an outer tube forming a hot side or a cold side
of the tubular thermoelectric module; and

f) calibrating the outer tube to compress the compressible
heat conducting layer by at least 5 Vol.-% in a tempera-
ture range of 80 to 550° C. at a surface pressure of up to
60 Newton/cm? and thus reducing the thickness of the
compressible heat conducting layer.

8. The method according to claim 7, which further com-
prises additionally placing a second heat conducting layer
between the inner tube and the annular or annular segment-
shaped thermoelectric elements.

9. The method according to claim 7, which further com-
prises plastically deforming only the outer tube by the cali-
brating step.

10. The thermoelectric module according to claim 1,
wherein said at least one compressible heat conducting layer
is disposed on said outer circumferential surface between said
annular or annular segment-shaped thermoelectric elements
and said calibrated outer tube and an additional heat conduct-
ing layer is disposed between said inner tube and said ther-
moelectric elements.

11. The thermoelectric module according to claim 1,
wherein only said calibrated outer tube is plastically
deformed.



